Earlier, we examined the positive effects of hyperoxic air on the cognitive ability of intellectually and developmentally disabled people (IDDP). In this study, the correlation between cognitive performance in the visual matching task and heart rate (HR) was investigated under normal air conditions. Eighteen men (mean age 28.7 ± 5.0 year) and 22 women (mean age 35.5 ± 6.9 year) with an assessed disability level of 2.3 ± 0.6 participated. The experiment consisted of three phases, a total of 7 min, including the rest (3 min), control (2 min), and visual matching task (2 min) phases. The HR in the visual matching task phase increased, compared to that in the rest and control phases. The cognitive ability in the visual matching task correlated with the HR values; the response time showed a negative correlation with the HR, while the accuracy rate showed a positive correlation. Thus, adaptive changes in cardiovascular regulation probably related to cognitive efforts and emotional excitation is a noticeable factor influencing brain supply with oxygen in IDDP (similarly to those in healthy people). The result of this study agrees with the earlier obtained indications that hyperoxic air can positively affect the cognitive performance in IDDP.
INTRODUCTION
Intellectually and developmentally disabled people (IDDP) have difficulties in their social and personal life as a consequence of insufficient or incomplete intellectual development resulting from permanent retardation of physical and intellectual growth [1] . One of the most important characteristics of IDDP is a significant deficiency in cognitive ability [1] .
It has been reported that supply with high oxygen concentrations exerts a positive effect on the cognitive ability of IDDP [2] . There was a decrease in the response time of a visual matching task in the presence of hyperoxic air (92% oxygen) compared with normal air (21% oxygen). When hyperoxic air was supplied, blood oxygen saturation (SpO 2 ) increased compared to that under normal air conditions. Thus, administration of hyperoxic air is one of possible approaches in clinical measures related to IDDP.
Many studies were performed using various verification methods in order to evaluate the effect of supply of hyperoxic air (e. g., 30 or 40%) on the cognitive ability of normal healthy people [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] . Hyperoxic air was found to enhance cognitive performance, including visuospatial [7, 10] , memory [9, 12, 13, 15] , verbal [4] , n-back [6] , and addition [8] tasks. Hyperoxic air improved cognitive ability by increasing the percentage of correct answers [4, 6-9, 12, 13] and/or decreasing the response time [9, 10, [12] [13] [14] [15] . Two main factors may be responsible for improved brain supply with oxygen; these are increased SpO 2 and changes in cardiovascular regulation. A positive correlation was found between cognitive performance and absolute values of the heart rate (HR) and/or SpO 2 in healthy young adults [4, 8, 9, 11, 13] . Functional magnetic resonance imaging (fMRI) studies showed that administration of highly concentrated oxygen increased the amount of neural activation due to the increase of oxygen supply to the brain area that is closely related to cognitive processing; due to this, there was an increase in cognitive ability [3, 5] .
The positive effect of hyperoxic air on the cognitive performance of IDDP was reported only in a single study [2] . Further studies using various verification methods should be done to examine exactly the effect of hyperoxic air on patients with cognitive problems like those in IDDP. From these, scientific data can be obtained for clinical applications.
In our study, we tried to explain the positive effects of hyperoxic air on the cognitive performance in IDDP. As a stage in such studies, we investigated the correlation between cognitive ability and HR values under normal air conditions, without administration of hyperoxic air. If we obtain increasing cognitive performance together with increased HR, this means increase in oxygen supply by faster blood circulation. Such a result should help to more adequately explain positive effects of hyperoxic air on cognitive performance in IDDP.
METHODS
The participants of these tests were workers who were diagnosed with intellectual and developmental disability by a psychiatrist and who worked at a protective workshop of a community welfare foundation. Eighteen men (28.7 ± 5.0 years) and 22 women (35.5 ± 6.9 years; means ± s.d.) with an average assessed disability level of 2.3 ± + 0.6 participated. They had no disease or abnormality in the cardiovascular and respiratory systems (CVS and RS, respectively).
The experiment consisted of three phases for a total of 7 min, including a rest phase (3 min), a control phase (2 min), and a visual matching task phase (2 min). The control phase corresponded to a stabilization period before starting the visual matching task. In this study, a visual matching task of a low level of difficulty was developed as a cognitive task for IDDP. Each item involved a simple cognitive task in which an identical figure on the left was selected from four examples. This task was a selfdeveloped simple visual matching task similar to the visual matching task used in studying the effect of administration of highly concentrated oxygen [10] and based on other tasks for simple visuospatial cognition studies [3, 7, [16] [17] [18] . During the visual matching task, 12 items were presented at 10-sec-long intervals. These tasks were presented using E-prime (Psychology Software Tools Inc., USA). Items were presented on a monitor, and the subjects were asked to press the response button as quickly as possible via a keyboard to correctly identify the number of the item presented on the monitor. The response time and accuracy rate (number of correct answers/total number of problems · 100%) in the visual matching test were calculated.
The HR (min -1 ) was measured during all test phases using an 8600 series pulse oximeter (NONIN Medical, USA) on the participant's left index finger, and the mean HR value for each participant was calculated within each phase. The repeatedmeasures ANOVA (PASW ver. 18.0) was used for the phases (rest, control, and visual matching task) as independent variables to verify significant differences in the HR according to the phase. To investigate the correlation between cognitive performance and HR, Pearson correlations (PASW ver. 18.0) were calculated to determine the relationship between the response time, accuracy rate of the visual matching task, and the HR value in the visual matching task phase. Means ± s. d. are shown below.
RESULTS
The mean response time and accuracy rate were 3050.4 ± 1057.5 msec and 89.2 ± 13.6%, respectively. Figure 1 shows the HR means in each phase (rest phase, 76.6 ± 11.7, control phase, 76.0 ± 12.0, and visual matching task phase, 78.4 ± 13.1 min -1 ). There was a significant difference in the HR among the three phases (P = 0.001). As is shown in Fig. 1 , the Bonferroni a posteriori tests revealed that the HR in the visual matching task phase increased significantly (P < 0.05), compared to those in the control and rest 
DISCUSSION
The HR in IDDP increased noticeably within the visual matching task phase, compared to the rest and control phases. Significant correlations were found between the indices of cognitive ability and the HR values. The response time and accuracy rate demonstrated significant negative and positive correlations with the HR, respectively. Many studies reported that the HR during the cognitive processing phases increases, compared to that during the rest phase [4, 6, 8, 9] . In addition, our study revealed that the HR increased in the visual matching task phase, compared to the rest and control phases. It is well understood that an increase in energy (e.g., glucose) supply leads to increase in adenosine triphosphate (ATP) production in periods of high demand. Increased production of ATP may enable improvements to be made in information processing during the performance of cognitive tasks. In order to metabolize the "fuel," the brain needs more oxygen [13] . Therefore, demand for oxygen increases during the cognitive processing period, and this induces an increase in the HR [4, 6, 8, 9] . Thus, an adaptive change in cardiovascular regulation probably related to cognitive efforts and emotional excitation plays the role of a significant factor in increasing the brain oxygen supply during the performance of the cognitive task.
Previous studies showed that the cognitive ability increased in a parallel manner with the HR values in healthy young adults performing the respective tests [9, 13] . Our study also showed that there is a significant correlation between cognitive ability and the HR within the task phase not only in healthy people but also in IDDP. This means that the increasing HR intensified the supply of oxygen by faster circulation of blood during the performance of a cognitive task, and this improves cognitive ability in IDDP. The results of this study are in agreement with the data of our previous work [2] that supply of hyperoxic air can positively affect the cognitive ability of IDDP via influencing the main parameters of autonomic regulation of the CVS; thus, adaptive changes of the latter regulation should be considered a relatively independent additional factor influencing, together with increased oxygen supply, the characteristics of cognitive ability in both normal subjects and IDDP.
The results of this and previous studies [2] may provide objective evidence that can be used for treating patients with cognitive problems that are obvious in IDDP. Further studies are needed to examine the correlation between SpO 2 and cognitive ability under normal air conditions, which may help to explain the effects of hyperoxic air on the cognitive performance change in the IDDP. This study can be further extended by examining the effect of hyperoxic air on the cognitive ability of IDDP using brain analysis based on fMRI. From these studies, we can obtain improved scientific evidence toward clinical applications.
